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Description 

Transmitter, Transmission Output Control Method and 
Radio Communication Apparatu s 

<Technical Field> 

The present invention relates to a variable output 
controllable transmitter, a transmission output control 
method and a radio communication apparatus using this 
transmitter . 

<Background Art> 

Power efficiency and linearity in the transmitting 
function of a transmitter which can control its output 
variably are evaluated as indices for measuring the 
performance of the apparatus. The power efficiency and 
linearity in the transmitting function are most important 
indices for expressing the performance of the apparatus 
particularly in a high-frequency modulation 
transmitting apparatus such as a mobile phone. 

A so-called class A operation amplifier is widely 
used as an amplifier provided in a last stage of such 
a high-frequency modulation transmitting apparatus. 
The class A amplifier is low in distortion, that is, 
excellent in linearity but poor in power efficiency 
because the class A amplifier always spends electric 
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power resulting from a DC bias component. 

Therefore, a method using a region of saturation 
of input-output power characteristic of a transistor to 
change a drain or collector voltage (supply voltage) in 
accordance with an amplitude component of a baseband 
signal to thereby amplify power has been devised as a 
method for operating a power amplifier efficiently. For 
example, to change average output power, the supply 
voltage is changed in proportion to desired average 
output power (e.g. see Patent Document 1). 

Fig. 9 is a graph showing an example of input-output 
power characteristic (Pm-Pout characteristic) of the 
power amplifier. 

As shown in Fig. 9, at each Vcc, output power Pout 
increases linearly as input power Pin increases. When 
the input power is not lower than a certain value, the 
output power is saturated at a value Ps corresponding to 
the supply voltage. The region where the output power 
Pout increases linearly as the input power Pin increases 
is now called ''linear region of the power amplifier". 
The region where the output power Pout is saturated 
regardless of the input power Pin is now called 
"'saturation region of the power amplifier". Because the 
output power in the saturation operating region of the 
power amplifier is decided by the supply voltage as 
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described above, the output power can be changed every 
moment so that average output power can be changed when 
the supply voltage proportional to desired average output 
power (dB unit) is given. 

In the example of the power amplifier shown in Fig. 
9, while the input power changes from Piei to Piea^ the 
output power changes from P082 to Poss when the supply 
voltage is changed from V82 to Vssf and the output power 
changes from Po84 to Poss when the supply voltage is changed 
from V84 to Ves. When the supply voltage Vcc proportional 
to desired average output power is given in this manner, 
the average output power of the amplifier can be changed. 

Incidentally, the mobile phone network has come 
into the third generation standard system era in recent 
years. A mobile phone method such as a W-CDMA mobile 
communication method etc. has been used for mobile 
multimedia service. In such a third generation, mobile 
phone method, the output level range required of the power 
amplifier is widened compared with the conventional one. 
(Patent Document 1) Japanese Patent No. 3,044,057 

<Disclosure of the Invention> 

In the aforementioned transmitter, there was 
however the situation that the output level range could 
not be kept sufficiently wide because all the variable 
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output level range of the power amplifier was covered 
with the saturation operating region in the input-output 
power characteristic . 

Particularly in recent years, the output level 
range required of the power amplifier in a W-CDMA mobile 
communication method or the like which is the third 
generation mobile phone method has reached nearly 100 
dB. Accordingly, there was the situation that the 
requirement could not be satisfied by means of covering 
all the output level range with the saturation operating 
region in the input-output power characteristic. 

The present invention is provided on such 
circumstances and an object of the invention is to provide 
a transmitter, a transmission output control method and 
a radio communication apparatus in which a wide output 
level range can be covered while high efficiency and good 
linearity can be obtained. 

The invent ion provides a transmitter for outputting 
a transmitting signal while amplifying power of the 
transmitting signal, comprising: a variable gain 
amplification means for amplifying an input modulated 
signal based on the transmitting signal and controlling 
the gain based on a control signal; a power amplification 
means connected to the rear of the variable gain 
amplification means; and a power amplification control 
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means for controlling a supply voltage of the power 
amplification means on the basis of the control signal, 
wherein: the power amplification means has a linear 
operating mode for amplifying power by using a linear 
operating region in input-output power characteristic 
of the power amplification means, and a saturation 
operating mode for amplifying power by using a saturation 
operating region in input-output power characteristic 
of the power amplification means; the control signal 
includes an operating mode set signal for setting the 
operating mode of the power amplification means; and the 
power amplification means operates in either operating 
mode on the basis of the operating mode set signal. 

According to this configuration, the 
high-frequency power amplifier of the transmitter can 
be operated both in the linear operating mode and in the 
saturation operating mode, so that the transmitter 
capable of covering a wide output level range can be 
achieved . 

In the transmitter according to the invention, the 
modulated signal input to the power amplification means 
has a temporal change of an amplitude component. 

According to this configuration, power efficiency 
can be improved when instantaneous input power is changed 
in accordance with instantaneous output power. 
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In the transmitter according to the invention, the 
gain of the variable gain amplification means in the case 
where the power amplification means is operated in the 
saturation operating mode is controlled to be higher by 
a predetermined value than that in the case where the 
power amplification means is operated in the linear 
operating mode. 

According to this configuration, a predetermined 
difference can be kept between the gain of the variable 
gain amplification means in the linear operating mode 
and the gain of the variable gain amplification means 
in the saturation operating mode. Accordingly, in 
either the linear operating mode or the saturation 
operating mode, the wide output level range can be covered 
with high efficiency while the linearity can be kept good. 

In the transmitter according to the invention, the 
power amplification control means performs control so 
that the supply voltage is changed in accordance with 
instantaneous output power of the power amplification 
means in the saturation operating mode. 

According to this configuration, the input signal 
can be amplified linearly in the saturation operating 
mode in the same manner as in the linear operating mode. 
When the saturation operating mode is combined with the 
linear operating mode, the transmission output level 
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range can be widened. 

In the transmitter according to the invention, the 
power amplification control means performs control so 
that a bias point set for the power amplification means 
is changed on the basis of the supply voltage input to 
the power amplification means. 

According to this configuration, the output level 
can be provided variably while power efficiency can be 
kept high. In addition, the operating mode can move 
smoothly between the linear characteristic region of the 
power amplification means in the linear operating mode 
and the saturation characteristic region of the power 
amplification means in the saturation operating mode. 

The transmitter according to the invention further 
comprises an amplitude modulation variable gain 
amplification means for applying amplitude modulation 
to a phase-modulated signal obtained by modulation of 
a phase signal of the transmitting signal and outputting 
an amplitude-modulated signal, wherein the power 
amplification means amplifies power on the basis of the 
amplitude-modulated signal . 

According to this configuration, the variable 
output level range can be taken large, for example, for 
a polar modulation type transmitter. 

In the transmitter according to the invention, the 
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amplitude modulation variable gain amplification means 
is provided in front of the variable gain amplification 
means . 

According to this configuration, power efficiency 
can be improved more greatly, for example, for a polar 
modulation type transmitter. 

In the transmitter according to the invention, the 
amplitude modulation applied to the phase-modulated 
signal by the amplitude modulation variable gain 
amplification means is performed on the basis of the 
supply voltage of the amplitude modulation variable gain 
amplification means . 

According to this configuration, the amplitude 
modulation by the amplitude modulation variable gain 
amplification means can be performed by use of the 
saturation characteristic region of the transistor 
included in the amplitude modulation variable gain 
amplification means on the basis of the supply voltage 
of the amplitude modulation variable gain amplification 
means. Accordingly, power efficiency of the amplitude 
modulation variable gain amplification means can be 
improved . 

The transmitter according to the invention further 
comprises a limiter circuit provided in front of the 
amplitude modulation variable gain amplification means 



8 



for converting a sinusoidal signal into a square signal. 

According to this configuration, the transistor 
included in the amplitude modulation variable gain 
amplification means in the saturation operating mode can 
be switched on and off quickly. Accordingly, power 
efficiency of the amplitude modulation variable gain 
amplification means can be improved more greatly. 

The transmitter according to the invention further 
comprises a multiplier for multiplying the amplitude 
signal of the transmitting signal and the phase-modulated 
signal obtained by modulation of the phase signal of the 
transmitting signal to thereby apply amplitude 
modulation, wherein the power amplification means 
performs power amplification on the basis of the 
amplitude-modulated signal . 

According to this configuration, a mixer can be used 
in place of the amplitude modulation variable gain 
amplification means as the amplitude modulation means. 
While the circuit configuration of the amplitude 
modulation variable gain amplification means can be 
diversified, the circuit configuration can be 
simplified . 

In the transmitter according to the invention, the 
multiplier is provided in front of the variable gain 
amplification means . 
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According to this configuration, the mixer can be 
disposed as near to the low-power front stage side as 
possible to suppress power loss to a minimum so that 
blocks on and after the variable gain amplifier can be 
operated in the saturation mode. High power efficiency 
can be achieved as a whole. 

The transmitter according to the invention further 
comprises: an amplitude/phase extraction means for 
receiving the transmitting signal as an input and 
extracting amplitude and phase components of the 
transmitting signal on the basis of in-phase and 
quadrature components of the transmitting signal; and 
a phase modulation means for outputting a phase-modulated 
high-frequency signal on the basis of the phase component 
of the transmitting signal. 

According to this configuration, circuits after 
modulation of the input signal till acquisition of the 
phase-modulated high-frequency signal input to the 
variable gain amplification means can be configured 
surely by a heretofore general circuit configuration. 
The conventional transmitter can be reformed into the 
transmitter according to the invention easily. 

The transmitter according to the invention further 
comprises a quadrature modulator for receiving the 
transmitting signal as an input, applying phase 
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modulation and amplitude modulation to the transmitting 
signal and outputting the modulated transmitting signal 
to the variable gain amplification means. 

According to this configuration, while the circuit 
configuration after modulation of the input signal till 
acquisition of the modulated high-frequency signal input 
to the variable gain amplification means can be 
diversified, the circuit configuration can be 
simplified. 

The transmission output control method according 
to the invention is a transmission output control method 
for controlling a transmission output, comprising the 
steps of: amplifying an input modulated signal (variable 
gain amplification step) ; amplifying power in a state 
in which an output generated by the variable gain 
amplification step is input to a power amplification 
means (power amplification step) ; and controlling a 
supply voltage to the power amplification means and an 
input to the power amplification means to thereby control 
the operating mode of the power amplification means to 
switch the operating mode over between a linear operating 
mode for operating the power amplification means in a 
linear operating region in input-output power 
characteristic of the power amplification means and a 
saturation operating mode for operating the power 
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amplification means in a saturation operating region in 
the input-output power characteristic (operating mode 
control step) . 

According to this configuration, the 
high-frequency power amplifier of the transmitter can 
be operated both in the linear operating mode and in the 
saturation operating mode. Accordingly, the 
transmission output control method capable of covering 
a wide output level range can be achieved. 

The invention provides a radio communication 
apparatus having the aforementioned transmitter. 

According to this configuration, the size of the 
high-frequency power amplifier of the transmitter can 
be reduced. Accordingly, while the size of the radio 
communication apparatus can be reduced more greatly, the 
wide output level range can be covered. 

According to the transmitter, the transmission 
output control method and the radio communication 
apparatus according to the invention, there can be 
provided a transmitter, a transmission output control 
method and a radio communication apparatus in which a 
wide output level range can be covered while high 
efficiency and good linearity can be obtained. 

<Brief Description of the Drawings> 
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Fig, 1 is a schematic configuration diagram showing 
a transmitter for explaining a first embodiment of the 
invention • 

Fig. 2 is a graph showing static characteristic of 
an amplification transistor provided in the 
high-frequency power amplifier of the transmitter 
according to the first embodiment of the invention. 

Fig. 3 is a graph showing input-output power 
characteristic (Pm-Pout characteristic) of the variable 
gain amplifier. 

Fig. 4 is a table showing an example of transition 
of the gain of the variable gain amplifier operated in 
the linear or saturation mode and the supply voltage and 
bias current per. time, given from the supply voltage/bias 
current control circuit. 

Fig. 5 is a graph showing input-output power 
characteristic (Pin-Pout characteristic) of the 
high-frequency power amplifier in the linear or 
saturation mode. 

Fig. 6 is a graph showing change of an operating 
point in the case where each of the linear mode and the 
saturation mode is switched over to the other when the 
average output power of the high-frequency power 
amplifier exhibits a certain constant value. 

Fig. 7 is a schematic configuration diagram showing 
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a transmitter for explaining a second embodiment of the 
invention . 

Fig. 8 is a schematic configuration diagram showing 
a transmitter for explaining a third embodiment of the 
invent ion . 

Fig, 9 is a graph showing an example of input-output 
power characteristic (Pin-Pout characteristic) of the 
power amplifier. 

In the drawings, the reference numeral 11 
designates an amplitude/phase extraction portion; 12, 
a phase modulation means; 13 and 14, variable gain 
amplifiers; 15, a high-frequency power amplifier; 16 and 
11, supply voltage/bias current control circuits; 21, 
a mixer; 106, an average output level control signal; 
and 107, an operating mode set signal. 

<Best Mode for Carrying Out the Invention> 

(First Embodiment ) 

Fig. 1 is a schematic configuration diagram showing 
a transmitter for explaining a first embodiment of the 
invention. For example, the transmitter shown in Fig. 
1 is a high-frequency transmitting portion of a mobile 
phone using a polar modulation method. 

As shown in Fig. 1, the transmitter according to 
the first embodiment comprises: an amplitude/phase 



14 



extraction portion 11 for separating an input baseband 
IQ signal 101 into a baseband amplitude signal 102 and 
a baseband phase signal 103 and outputting the signals 
102 and 103; a phase modulation means 12 for applying 
phase modulation of a carrier signal on the baseband phase 
signal 103 and outputting a phase-modulated 
high-frequency signal 104; variable gain amplifiers 13 
and 14 for amplifying the phase-modulated high-frequency 
signal 104; and a high-frequency power amplifier 15 for 
amplifying high-frequency power output from the variable 
gain amplifier 14 and outputting a transmitter signal 
105 . 

The transmitter according to the first embodiment 
further comprises: a supply voltage/bias current control 
circuit 16 for generating a supply voltage 108 and a bias 
current to the first variable gain amplifier 13 on the 
basis of the baseband amplitude signal 102; and a supply 
voltage/bias current control circuit 17 for generating 
a supply voltage 109 and a bias current to the 
high-frequency power amplifier 15 on the basis of the 
baseband amplitude signal 102, an average output level 
control signal 106 and an operating mode set signal 107. 

The amplitude/phase extraction means 11 extracts 
amplitude and phase components of the baseband signal 
from in-phase (I signal) and quadrature (Q signal) 
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components of the baseband IQ signal 101 and outputs the 
baseband amplitude signal 102 and the baseband phase 
signal 103, 

The phase modulation means 12 generates a 
phase-modulated high-frequency signal on the basis of 
the baseband phase signal 103 output from the 
amplitude/phase extraction means 11 and outputs the 
phase-modulated high-frequency signal 104. The 
phase-modulated high-frequency signal 104 is a constant 
envelope signal having an amplitude component without 
time change . 

The supply voltage/bias current control circuit 16 
generates a supply voltage 108 and a bias current to be 
input into the variable gain amplifier 13 on the basis 
of the baseband amplitude signal 102 output from the 
amplitude/phase extraction means 11. That is, the 
supply voltage/bias current control circuit 16 operates 
so that a bias point to be set for the variable gain 
amplifier 13 is changed on the basis of the supply voltage 
input into the variable gain amplifier 13. Incidentally, 
the supply voltage 108 is a voltage proportional to the 
amplitude component (i.e. power) of the baseband signal 
in a moment of time. 

The variable gain amplifier 13 operates in a 
saturated amplification mode on the basis of the supply 
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voltage 108 generated by the supply voltage/bias current 
control circuit 16 to thereby apply amplitude modulation 
to the phase-modulated high-frequency signal 104. The 
amplitude modulation can make power efficiency high 
because a saturation characteristic region of a 
transistor is used. 

The operating mode set signal 107 is a signal for 
switching the operating mode of the high-frequency power 
amplifier 15 over to a linear operation or a saturation 
operation. For example, the operating mode set signal 
107 is set according to desired average output power. 
For example, the average output level control signal 106 
and the operating mode set signal 107 are set by a control 
portion. The control portion may be provided in the 
inside of the transmitter per se. For example, when the 
transmitter is provided in a radio communication 
apparatus or the like, the control portion may serve as 
a control portion for controlling the operation of the 
radio communication apparatus. 

Although the variable gain amplifier 14 amplifies 
the output signal of the variable gain amplifier 13, the 
gain of the variable gain amplifier 14 is controlled on 
the basis of the average output level control signal 106 
and the operating mode set signal 107. Incidentally, as 
will be described later, the difference in the gain of 
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the variable gain amplifier 14 between these operating 
modes is a predetermined gain. 

The supply voltage/bias current control circuit 17 
generates a supply voltage 109 and a basis current to 
the high-frequency power amplifier 15 on the basis of 
the baseband amplitude signal 102 extracted by the 
amplitude/phase extraction means 11, the average output 
level control signal 106 and the operation mode set by 
the operating mode set signal 107. That is, the supply 
voltage/bias current control circuit 17 operates so that 
a bias point to be set for the high-frequency power 
amplifier 15 is changed on the basis of the supply voltage 
input into the high-frequency power amplifier 15. As 
will be described later, the supply voltage/bias current 
control circuit 17 outputs a supply voltage and a bias 
current corresponding to average output when the supply 
voltage/bias current control circuit 17 is in the linear 
operating mode (hereinafter referred to as "'linear mode") , 
and the supply voltage/bias current control circuit 17 
outputs a supply voltage and a bias current corresponding 
to instantaneous output power when the supply 
voltage/bias current control circuit 17 is in the 
saturation operating mode (hereinafter referred to as 
"'saturation mode'M • 

The high-frequency power amplifier 15 amplifies the 
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modulated signal output from the variable gain amplifier 
14 in the linear or saturation mode on the basis of the 
supply voltage 109 of the supply voltage/bias current 
control circuit 17 and outputs a transmitter signal 105. 

Next, the supply voltage/bias current control for 
the high-frequency power amplifier 15 will be described. 
Fig. 2 is a graph showing static characteristic of an 
amplification transistor provided in the high-frequency 
power amplifier 15 of the transmitter according to the 
first embodiment of the invention. 

In Fig. 2, curves each indicating the saturation 
characteristic show characteristics between an 
emitter-collector voltage (Vce) and a collector current 
(Ic) of the amplification transistor in the inside of the 
high-frequency power amplifier 15. In Fig. 2, the 
parameter is a base current (Ib)* Incidentally, 
description will be made on the case where the 
amplification transistor in the inside of the 
high-frequency power amplifier 15 is a bipolar 
transistor . 

In Fig. 2, the straight line expressed by the solid 
line shows a load line (impedance: Rl) of the 
amplification transistor. Incidentally, the 
amplification transistor is an emitter-grounded circuit 
which makes a so-called class A operation in which an 
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operating point in the collector output moves with the 
bias point (Vcc/ Ic) shown in Fig. 2 as its center and 
in a range including the black-dot points shown in Fig. 
2 in accordance with change in the input base current. 

In the linear mode, that is, in the case where the 
output is not saturated, the range of movement of the 
operating point is decided on the basis of the amplitude 
(i.e. input power) of the input base signal. In the class 
A operation, amplification excellent in linearity 
without distortion can be performed. Power efficiency 
ri in the class A operation is defined as the ratio of 
power spent by the load to power supplied by the power 
supply. When the output amplitude is k times (0<k^l) as 
much as the maximum output amplitude, the power 
efficiency r| is given as k^/2. In this manner, power 
efficiency takes the highest value of 50 % when k = 1, 
that is, when the output amplitude is equal to the maximum 
output amplitude (in the case where a coil is inserted 
in a power supply line) • 

The maximum output amplitude is a quantity decided 
on the basis of the input voltage, the supply voltage 
Vcc (supply voltage 109 in this case) and the bias current 
Ic- As shown in Fig. 2, the voltage amplitude from the 
bias point in the output is generated in such a manner 
that the lower side is limited by Vcc " Vsat while the upper 
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side is limited by Ic X Rl. As a result, the maximum output 
amplitude is equal to (Vcc-Vsat) + (IcXRl)- Accordingly, 
in order to improve power efficiency in the linear mode 
without distortion of output power, it is preferable that 
the width of the lower side of the voltage amplitude and 
the width of the upper side of the voltage amplitude are 
equal to each other and close to the maximum output 
amplitude. That is, it is preferable that the supply 
voltage Vcc (supply voltage 109 in this case) and the bias 
current Ic are controlled to satisfy the relational 
equat ion ( 1 ) . 

Vcc - Vsat = Ic X Rl •••(!) 
That is, when Ic decided by the equation (1) in 
accordance with each Vcc is provided as the bias current, 
efficiency can be improved to the maximum limit while 
distortion can be kept low. That is, the bias current 
Ic (hence bias current lb) to be given to the 
high-frequency power amplifier 15 is changed in 
accordance with the supply voltage Vcc- Incidentally, 
in Fig* 2, the loci of Vcc and Ic satisfying the relation 
of the equation (1) (the loci of bias points) are 
expressed by the broken straight line. In the 
transmitter according to this embodiment, efficiency can 
be kept to the maximum limit because the bias point is 
set on the broken straight line so that the bias point 
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becomes far from the origin when the output amplitude 
is large, and that the bias point becomes close to the 
origin when the output amplitude is small. 

Incidentally, when the output amplitude reaches the 
upper limit on the lower or upper side, output power does 
not increase any more but is saturated to get into the 
saturation mode in spite of increase in input power under 
a predetermined bias condition (Vcc and Ic) . 
Incidentally, such an operation is called ^^saturated 
class A operation" in which power efficiency can be 
increased. Also in the saturation mode, shifting 
between the linear operation and the saturation operation 
can be performed quickly and smoothly because the 
amplitude value on the lower side with respect to the 
bias point and the amplitude value on the upper side with 
respect to the bias point are saturated in the same degree 
if the bias condition is set to satisfy the equation (I) . 

Fig. 3 is a graph showing input-output power 
characteristic (Pin-Pout characteristic) of the variable 
gain amplifier 13. Next, amplitude modulation using the 
saturation mode by the variable gain amplifier 13 will 
be described with reference to Fig. 3. 

In Fig. 3, the curves show input-output power 
characteristic (Pin-Pout characteristic) of the variable 
gain amplifier 13 in accordance with each of different 
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values of the supply voltage Vcc (supply voltage 108 in 
this case) . 

As shown in Fig, 3, in each value of the supply 
voltage Vcc (supply voltage 108 in this case) , output 
power Pout increases linearly as input power Pin increases. 
When the input power Pm is not lower than a certain value, 
the output power Pout is saturated to output power Po 
corresponding to each value of the supply voltage Vcc 
(supply voltage 108 in this case) . On this occasion, the 
saturated output power Po(W) is proportional to the 
square of the supply voltage Vcc (supply voltage 108 in 
this case) • 

Because the input of the variable gain amplifier 
13 is wave only phase-modulated with constant amplitude, 
that is, modulated wave with a constant value Pii of input 
power, instantaneous output power Pout is generally 
unchanged if the supply voltage 108 is constant. In the 
transmitter according to this embodiment, because the 
supply voltage 108 is proportional to the desired 
instantaneous amplitude signal so as to be variable as 
described above, the output power Pout changes from P012 
to P013 as represented by the black dots and arrows in 
Fig. 3 so that amplitude modulation can be applied to 
the phase modulated input signal in the saturation 
amplification mode when, for example, the supply voltage 
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108 changes from V12 to V13. 

Next, the amplifying operation of the 
high-frequency power amplifier 15 in the linear or 
saturation mode will be described. First, the operating 
mode is set on the basis of the operating mode set signal 
107 in order to designate whether the high-frequency 
power amplifier 15 is to be operated in the linear mode 
or in the saturation mode. The gain of the variable gain 
amplifier 14 prior to the high-frequency power amplifier 
15 and the output (supply voltage 109 and bias current) 
given from the supply voltage/bias current control 
circuit 17 are switched in accordance with the set 
operating mode. 

Fig. 4 is a table showing an example of transition 
of the gain of the variable gain amplifier 14 operated 
in the linear or saturation mode and the supply voltage 

109 and bias current per time, given from the supply 
voltage/bias current control circuit 17. In the table, 
m expresses a minimum unit for designating average 
transmitting power, that is, a slot number, and n 
expresses a minimum step in the slot when t (m, n) is the 
time, V(m, n) is the voltage of the supply voltage/bias 
current control circuit 17, and I (m, n) is the current 
of the supply voltage/bias current control circuit 17. 
That is, t (m, n) , V(m, n) and I (m, n) express the time, 
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voltage value and current value in the n-th step in the 
m-th slot, respectively. 

As shown in Fig, 4, when constant average power is 
to be output/ the gain of the variable gain amplifier 
14 in the saturation mode takes a value larger by a 
predetermined value a dB than the gain £ in the linear 
mode. In the linear mode, the supply voltage 109 given 
from the supply voltage/bias current control circuit 17 
to the high-frequency power amplifier 15 takes a value 
corresponding to the average output power of the variable 
gain amplifier 14. In the saturation mode, the supply 
voltage 109 takes a value corresponding to the 
instantaneous output power of the variable gain amplifier 
14 at each point of time. Incidentally, for example, a 
is a value of about 10 dB . 

Fig. 5 is a graph showing input -output power 
characteristic (Pin-Pout characteristic) of the 
high-frequency power amplifier 15 in the linear or 
saturation mode. Next, the operation of the 
high-frequency power amplifier 15 in the linear or 
saturation mode will be described with reference to Fig. 
5. 

First, when the desired output level is large, it 
is preferable from the point of view of power efficiency 
that the saturation characteristic region of Pin-Pout 
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characteristic shown in Fig. 5 is used. When the 
saturation mode is set by the operating mode set signal 
107, the input signal of the high-frequency power 
amplifier 15 (i.e. the output power of the variable gain 
amplifier 14) becomes higher by a dB than that in the 
linear mode as shown in Fig. 4. Because the region in 
which Pin-Pout characteristic is fully saturated can be 
used when the gain is made higher by a dB as described 
above, the linearity of amplitude modulation by the 
supply voltage 109 can be made good. When the supply 
voltage 109 is given to the high-frequency power 
amplifier 15 on the basis of the instantaneous output 
power in this state, the supply voltage 109 changes from 
V22 to V23 to thereby make it possible to change the output 
power Pout of the high-frequency power amplifier 15 from 
Po22 to Po23 as represented by the black dots and arrows 
in Fig. 5 when, for example, the input power Pin of the 
high-frequency power amplifier 15 changes from Pi22 to 

Pi23. 

In the saturation mode, because the gain of the 
variable gain amplifier 14 becomes higher by a dB on the 
basis of the operating mode set signal 107 as described 
above, the high-frequency power amplifier 15 operates 
in the saturation region. Also in the saturation 
amplification mode, the modulated input wave can be 
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amplified linearly when the supply voltage 109 is given 
on the basis of the instantaneous output power. 

Next, also in the case where the desired output 
level of the high-frequency power amplifier 15 is low, 
it is preferable from the point of view of power 
efficiency that the bias point is made as close to the 
origin as possible while the high-frequency power 
amplifier 15 is operated to be saturated. When the bias 
point is brought close to the origin, it is however 
difficult to change the amplitude component accurately 
in accordance with the supply voltage 109 because of the 
saturation voltage etc. between the emitter and collector 
of the bipolar transistor. It is therefore necessary to 
switch the operating mode to the linear operation when 
the output is not higher than suitable power. 

Accordingly, in this case, because the linear mode 
is set by the operating mode set signal 107, the input 
power of the high-frequency power amplifier 15 becomes 
lower by a dB than that in the saturation mode as shown 
in Fig. 4. Accordingly, when the supply voltage 109 is 
given on the basis of the average output power to thereby 
fix the supply voltage 109 to V25 to avoid the saturation 
mode as shown in Fig. 5 while the instantaneous input 
power Pin changes from Pi26 to F±2i, the output power Pout 
can be changed from P026 to P027 as represented by the black 
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dots and arrows in Fig. 5. 

Fig. 6 is a graph showing change of an operating 
point in the case where each of the linear mode and the 
saturation mode is switched over to the other when the 
average output power of the high-frequency power 
amplifier 15 exhibits a certain constant value. In Fig. 
6, each arrow portion shows change of the operating point 
in the linear or saturation mode in the case where the 
modulated input wave has a variation of the amplitude 
component and the average output level, maximum output 
level and minimum output level of the high-frequency 
power amplifier 15 are Ps34/ Ps32 and Ps33 respectively. 

When the high-frequency power amplifier 15 operates 
in the linear mode, the supply voltage 109 is V31 . 
Accordingly, low-distortion amplification can be 
performed because the supply voltage 109 gives a margin 
from the average output level Ps34 to the saturation output 
level. In the transmitter according to the invention, 
the bias current as well as the supply voltage 109 is 
optimized as described above so that power efficiency 
can be kept high. 

To switch the mode of the high-frequency power 
amplifier 15 from the linear mode to the saturation mode, 
the operating mode set signal 107 is turned over so that 
the gain of the variable gain amplifier 14 and the supply 
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voltage 109 and bias current given to the high-frequency 
power amplifier 15 are changed to values shown in Fig. 
4. On this occasion, as shown in Fig. 6, for example/ 
in the case of the average output power Ps34/ the supply 
voltage 109 can take values of from V32 to V33 in accordance 
with the maximum and minimum values of instantaneous 
output power. Also in the saturation mode, the bias 
current can be optimized to smoothen transition between 
the operating modes. It is a matter of course that such 
characteristic can be applied to the case where the mode 
of the high-frequency power amplifier 15 changes from 
the saturation mode to the linear mode. 

In Fig. 6, the one-dot chain line shows the relation 
between average input power and average output power in 
the case where each of the linear mode and the saturation 
mode is switched over to the other at the average output 
power s34/ that is, in the case where operation is 
performed in the linear mode at output power of Ps34 or 
lower but operation is performed in the saturation mode 
at output power of Ps34 or higher. 

When the gain of the variable gain amplifier 14 is 
increased by a predetermined value (a dB) and the supply 
voltage given to the high-frequency power amplifier 15 
is controlled as described in this embodiment on the basis 
of the operating mode set signal 107, the operating mode 
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of the high-frequency power amplifier 15 can be changed 
from the linear mode to the saturation mode . Accordingly, 
power amplification with high efficiency and good 
linearity in a wide output power range can be performed 
by use of one and the same power amplifier. 

As described above, in the transmitter according 
to the invention, the supply voltage and the bias current 
are optimized in accordance with average or instantaneous 
output power. Accordingly, power efficiency can be kept 
so high that change of the bias condition can be 
suppressed to a minimum when each of the linear mode and 
the saturation mode is changed over to the other. In 
addition, transition characteristic and disturbance to 
the outside at the mode change can be suppressed to a 
minimum. 

Although this embodiment has been described on the 
case where the variable gain amplifier 13 is directly 
connected to the output of the phase modulation means 
12 as shown in Fig. 1, a limiter circuit may be inserted 
in the output of the phase modulation means 12 to convert 
sinusoidal wave into square wave. In this case, power 
efficiency can be improved more greatly because the 
transistors in the saturation mode of the rear-stage 
variable gain amplifier 13 and the high-frequency power 
amplifier 15 can be switched on and off quickly. 
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Although this embodiment has been described on the 
case where amplitude modulation in the variable gain 
amplifier 13 is performed on the basis of the supply 
voltage 108, amplitude modulation may be performed on 
the basis of another signal such as a gain control signal. 

Although this embodiment has been described on the 
case where the supply voltage 109 given to the 
high-frequency power amplifier 15 in the linear mode is 
set in accordance with the average output power, the 
supply voltage 109 may be changed in accordance with the 
instantaneous output power. In this case, when 
so-called back-off of the output voltage from the supply 
voltage is suppressed to a minimum in a range in which 
the high-frequency power amplifier 15 can operate in the 
linear mode, reduction in efficiency in the linear mode 
can be suppressed to a minimum (such an operation is 
called ^^envelope tracking operation") . 

When configuration is made so that the bias current 
control is applied not only to the variable gain amplifier 
13 and the high-frequency power amplifier 15 but also 
to the variable gain amplifier 14, power efficiency can 
be improved more greatly. 

Although this embodiment has been described on the 
case where the amplification transistor in the inside 
of the high-frequency power amplifier 15 is a bipolar 
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transistor, the same effect as described above can be 
obtained as the effect of the invention when another 
transistor material and kind such as a field-effect 
transistor (FET) is used (inclusive of the variable gain 
amplifiers 13 and 14). In this case, however, not the 
bias current but a bias voltage is applied to the 
field-effect transistor for setting the bias point 
because the field-effect transistor is driven by a 
voltage. The invention can be applied to operation 
classes and modulation methods of various amplifiers. 
For example, even in the case where the modulated signal 
has no variation of the amplitude component except phase 
modulation (or frequency modulation), the effect of 
controlling the output level in a wide range can be 
obtained when the mode of the power amplifier is switched 
over between the linear mode and the saturation mode. 

Although this embodiment has been described on the 
case where the variable gain amplifier 14 posterior to 
the variable gain amplifier 13 operates in the linear 
mode, the variable gain amplifier 14 may be operated in 
the saturation mode in the same manner as the 
high-frequency power amplifier 15. In this case, the 
gain of the variable gain amplifier 14 is changed by a 
predetermined value a in accordance with the operating 
mode of the high-frequency power amplifier 15. 
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Although this embodiment has been described on the 
case where the variable gain amplifier 13 for amplitude 
modulation is disposed between the phase modulation means 
12 and the variable gain amplifier 14, the variable gain 
amplifier 13 for amplitude modulation may be disposed 
in the rear of the variable gain amplifier 14. Also in 
this case, the effect of the invention can be obtained 
when the gain of the variable gain amplifier 14 is changed 
by a predetermined value a in accordance with the 
operating mode of the high-frequency power amplifier 15. 
(Second Embodiment ) 

Fig. 7 is a schematic configuration diagram showing 
a transmitter for explaining a second embodiment of the 
invention. In Fig. 7, parts overlapping those in Fig. 
1 for description of the first embodiment are referred 
to by the same numerals. 

As shown in Fig. 7, the transmitter according to 
the second embodiment of the invention comprises: an 
amplitude/phase extraction portion 11 for separating an 
input baseband IQ signal 101 into a baseband amplitude 
signal 102 and a baseband phase signal 103 and outputting 
the signals 102 and 103; a phase modulation means 12 for 
applying phase modulation of a carrier signal on the 
baseband phase signal 103 and outputting a 
phase-modulated high-frequency signal 104; a linear 
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mixer 21 for applying amplitude modulation on the 
phase-modulated high-frequency signal 104; a variable 
gain amplifier 14 for amplifying the output of the mixer 
21; a high-frequency power amplifier 15 for amplifying 
the output of the variable gain amplifier 14 as 
high-frequency power and outputting a transmitting 
signal 205; and a supply voltage/bias current control 
circuit 17 for generating a supply voltage 109 and a bias 
current to the high-frequency power amplifier 15 on the 
basis of the baseband amplitude signal 102, an average 
output level control signal 106 and an operating mode 
set signal 1 07 • 

In this embodiment, the mixer 21 is inserted between 
the phase modulation means 12 and the variable gain 
amplifier 14. For example, the mixer 21 is a linear 
multiplier for applying amplitude modulation on the 
phase-modulated high-frequency signal 104 output from 
the phase modulation means 12 on the basis of the baseband 
amplitude signal 102. 

Although this embodiment has been described on the 
case where the mixer 21 is used as an amplitude modulation 
means, a portion for controlling the output power level 
in a wide range after the amplitude modulation is the 
same as in the first embodiment. 

That is, in this embodiment, as shown in Fig. 4, 
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the gain of the variable gain amplifier 14 is controlled 
and the supply voltage 109 and bias current to the 
high-frequency power amplifier 15 are controlled in the 
supply voltage/bias current control circuit 17 on the 
basis of the average output level control signal 106 and 
the operating mode set signal 107. 

In this manner, the transmitter according to this 
embodiment is configured so that the operating mode of 
the high-frequency power amplifier 15 can be selectively 
switched over between the linear mode and the saturation 
mode, and that one and the same high-frequency power 
amplifier 15 can be used in the two modes in order to 
control the output level in a wide range. 

Although this embodiment has been described on the 
case where the variable gain amplifier 14 in the rear 
of the mixer 21 operates in the linear mode, the variable 
gain amplifier 14 may be operated in the saturation mode 
in the same manner as the high-frequency power amplifier 
15. Also in this case, the gain of the variable gain 
amplifier 14 is changed by a predetermined value a in 
accordance with the operating mode of the high-frequency 
power amplifier 15. 

This embodiment has been described on the case where 
the mixer 21 is disposed between the phase modulation 
means 12 and the variable gain amplifier 14 . In this case. 
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when blocks on and after the variable gain amplifier 14 
are operated in the saturation mode while the linear mixer 
21 low in power efficiency is disposed as near to the 
low-power front stage side as possible to suppress power 
loss to a minimum, high power efficiency as a whole can 
be achieved- However, even in the case where the mixer 
21 is disposed in the rear of the variable gain amplifier 
14, the effect of the invention can be obtained when the 
gain of the variable gain amplifier 14 is changed by a 
predetermined value a in accordance with the operating 
mode of the high-frequency power amplifier 15. 
(Third Embodiment ) 

Fig. 8 is a schematic configuration diagram showing 
a transmitter for explaining a third embodiment of the 
invention. In Fig. 8, parts overlapping those in Fig. 
1 for description of the first embodiment are referred 
to by the same numerals. 

As shown in Fig. 8, the transmitter according to 
the third embodiment of the invention comprises: an 
amplitude extraction portion 31 for extracting a baseband 
amplitude signal 102 from an input baseband IQ signal 
101 and outputting the baseband amplitude signal 102; 
a quadrature modulator 32 for performing phase modulation 
and amplitude modulation of a carrier from the baseband 
IQ signal 101; a variable gain amplifier 14 for amplifying 
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the output of the quadrature modulator 32; a 
high-frequency power amplifier 15 for amplifying the 
output of the variable gain amplifier 14 as 
high-frequency power and outputting a transmitting 
signal 305; and a supply voltage/bias current control 
circuit 17 for generating a supply voltage 109 and a bias 
current to the high-frequency power amplifier 15 on the 
basis of the baseband amplitude signal 102, an average 
output level control signal 106 and an operating mode 
set s ignal 107. 

In this embodiment, the function of performing 
phase modulation and amplitude modulation of the carrier 
based on the baseband IQ signal 101 is achieved by the 
quadrature modulator 32. 

Although this embodiment has been described on the 
case where the quadrature modulator 32 is used as means 
for performing phase modulation and amplitude modulation, 
a portion for controlling the output power level in a 
wide range after the modulation is the same as in the 
first embodiment. 

That is, in this embodiment, as shown in Fig. 4, 
the gain of the variable gain amplifier 14 is controlled 
and the supply voltage 109 and bias current to the 
high-frequency power amplifier 15 are controlled in the 
supply voltage/bias current control circuit 17 on the 
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basis of the average output level control signal 106 and 
the operating mode set signal 107* 

In this manner, the transmitter according to this 
embodiment is configured so that the operating mode of 
the high-frequency power amplifier 15 can be selectively 
switched over between the linear mode and the saturation 
mode, and that one and the same high-frequency power 
amplifier 15 can be used in the two modes in order to 
control the output level in a wide range. 

The transmitter according to the invention can be 
applied to a radio communication apparatus such as a 
portable wireless terminal apparatus or a radio base 
station. When the transmitter according to the 
invention is applied to a portable radio communication 
terminal apparatus or the like, power efficiency can be 
improved to prevent exhaustion of a battery to thereby 
elongate the use-life. Because power efficiency is 
improved, the size of the high-frequency power amplifier 
can be reduced. Moreover, because the amount of heat 
generated can be reduced, the size of the radio 
communication apparatus equipped with the transmitter 
can be reduced. In addition, the invention can be 
applied to the case where a wide transmission control 
range is required as in a third generation communication 
method etc. 
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When the transmitter according to the invention is 
applied to a base station apparatus of. a radio system 
having a plurality of high-power transmitters, space 
capacity can be improved because power efficiency at 
high-output power of the high-frequency power amplifier 
can be improved to reduce the size of the high-frequency 
power amplifier while the amount of heat generated can 
be reduced to prevent increase in equipment size. In 
addition, the invention can be applied to the case where 
a wide transmission control range is required as in a 
third generation communication method etc. 

Although the invention has been described in detail 
and with reference to specific embodiments, it is 
apparent to those skilled in the art that various changes 
and modifications may be made without departing from the 
spirit and scope of the invention. 

This application is based on Japanese Patent 
Application No. 2003-348243 filed on Oct. 7, 2003 and 
the contents thereof are taken in as a reference. 

<Indu atrial Applicabili tY> 

As described above, the transmitter and the 
transmission output control method according to the 
invention have an effect of covering the high-efficiency 
output level in a wide range and are useful for a radio 
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communication apparatus such as a portable wireless 
terminal apparatus or a radio base station. 
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